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In the study of the electrical phenomena accompanying the
making and breaking of contacts by relays, it is of considerable
importance to know definitely how the contact points move rela-
tively to each other. The electrical methods which have been
commonly employed for determining relay characteristics are
quite inadequate for the kind of study here in mind. Oscillo-
graphic records of current tell merely whether contact is single
of multiple, without any direct indication of the nature of the
motions which result in contact. Methods for measuring the
velocity of relay arms depending on time determination by the
charging of condensers are only applicable to clean makes or
breaks and so are impracticable for the study of the very impor-
tant case of "chattering."

The apparatus which is illustrated in Figures 1 and 2 was designed
for the purpose of obtaining photographic silhouettes, or "shadow-
grams" of the moving contact points. The optical arrangement,
while presenting no essentially new features, is one which is made
eminently practical by the availability of an extended light source
of high brightness, in the "pointolite" lamp. By reference to Fig.
1 the manner of its use will be made clear. First of all an enlarged
image of the incandescent pointolite ball is thrown by means of a
lens into the plane of the relay contacts. Then an image of the
contacts and the pointolite image is formed by a second lens upon
a narrow slit, parallel to the direction of motion of the contacts,
and lying closely in front of a rapidly moving photographic film.
It is clear that the shadow traced on the film will be a record of the
relay's motion. The remaining problem is one of mechanical and
electrical design to secure the proper control of film speed, the
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FIG. 2
Shadowgraph mounted in vertical position for photographing opening characteristics

of relay operated by falling weight.

393

I

71� 1

.Wgiong

:A



IVES AND DOWEY [J.O.S.A. & R.S.I., VI

starting and stopping and proper synchronism of the various parts,
and arrangements to facilitate the various operations involved.

As shown diagrammatically in Fig. 1 the film drum (a standard
G. E. oscillograph part) is driven by a 110 volt 1/10 H.P. D.C.
motor, either directly, or through trains of gears. By means of
these gears, and by the insertion of series resistance the film speed
may be varied from 15 to 1200 centimeters per second, as indi-
cated by the electric tachometer mounted on the counter-shaft
in combination with the known gear ratios. It is of course neces-
sary to provide that the film be exposed only during one revolu-
tion. This is arranged by placing a magnetically controlled shutter
in front of the film slit, which is only opened when the circuit is
completed by dropping the pin carried on the "radial contact
arm" into the helically grooved one revolution contact mounted
on the driving shaft. Where the relay to be measured is electrically
operated it may be controlled by a half revolution contact which
is mounted on the same shaft. Proper timing of the relay and
shutter may be effected by the angular setting of the full and half
revolution contacts on the driving shaft. The film can and driving
mechanism are arranged to slide parallel to the slit so that several
shadowgrams may be made on the same film. The entire apparatus
may be set up either horizontally or vertically (as shown in Fig. 2)
depending on the mode of operation of the moving parts it is
desired to photograph.

The performance of the apparatus is well shown by the selection
of shadowgrams Figs. 3 and 4. The first set (Fig. 3) shows a series
of opening characteristics all made in succession upon a single
film of a lever relay operated by a falling weight. Here the zero
opening is indicated by a strip of finite width because the shadow
actually cast is that of. two small knife edge "ears" carried by the
contact pieces. The magnification of the relay opening here used
was about five diameters, which is ample for measuring purposes
and at the same time leaves the illumination quite adequate even
with a very narrow slit (.1 mm) for the highest speed of rotation
of the film can. Fig. 4 shows various cases of "chatter," in

commercial relays with one or both relay arms vibrating. Simple
inspection of these shadowgrams gives valuable information on
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the performance of the relays photographed, while accurate mea-
surements of the films open the way for quantitative analysis of
the motions.
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